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SUMMARY 


As  part  <»f  a series  entitled  ‘'Studies  of  the  Arm)  Aviation  (V'/STOI,)  Environ- 
ment,” this  report  deseribes  the  nature  and  the  worldwide  oi  eurrenee  of  ire  in  the 
form  of  gla/.c,  rime,  and  hoarfrost  from  the  surface  to  20.000  feet  in  accordance  with 
contract  requirements.  Because  of  the'  nature  of  available  sources  and  scarcity  id’  data 
for  these  phenomena  in  most  parts  of  the  world,  this  study  is  more  descriptive  than 
quantitative. 

It  was  found  that  gla/.c,  rime,  and  hoarfrost  form  within  a very  specific  and  rather 
narrow  rail}?'  of  meteorological  conditions  where  air  and  affected  surface  temperatures 
are  slightly  above,  at.  or  below  0°  ('.  (32°  F)  and  moisture,  usually  supercooled,  is 
present.  Icing  may  thus  be  produced  at  the  ground  level  by  glaze  storms,  fog.  humid 
air.  or  tbaw-free/.c  action,  and  in  the  atmosphere  by  clouds  or  moist  air.  Geographic 
distribution  of  these  icing  phenomena  is  de|>endent  on  a variety  of  physical  factors. 
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FOREWORD 


This  report  is  another  in  a series  of  studies  conducted  by  (hr  Geographic  Srirnrrs 
Laboratory.  l!.  S.  Army  Engineer  Topographic  Laboratories,  to  provide  information  on 
elements  of  the  natural  environment  having  operational  significance  to  Army  Aviation 
(V/STOL)  aircraft  during  times  of  hover,  landing,  and  takeoff.  The  information  pro- 
sented  will  guide  the  roqii'<ting  agency,  the  Eustis  Directorate.  LI.  S.  Army  vir  Mobility 
Research  and  Development  Laboratory,  in  determining  the  criteria  to  be  adopted  as  en- 
vironmental standards  in  the  design  and  testing  of  Army  Aviation  (V/STOL)  aircraft 
systems. 

This  report  presents  information  on  the  nature  and  occurrence  of  icing  in  the  form 
of  gla/.c,  rime,  and  hoarfrost  under  the  limitations  of  available  sources  and  contract  re- 
quirements. It  is  identified  as  Report  No.  of  the  scries  ‘Studies  of  the  Army  Aviation 
(V/STOL)  Environment.”  and  was  produced  under  Project  Task  I FI622()dA  I I ')()(>  of 
the  Reliability  and  Maintainability  Division,  U.  S.  Army  Air  Mobility  Research  and  De- 
velopment Laboratory,  Fort  F.ustis,  Virginia. 
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OCCURRENCE  OF  ICE  IN  THE  FORM  OF  GLAZE, 
RIME,  AND  HOARFROST  WITH  RESPECT  TO  THE 
OPERATION  \ND  STORAGE  OF  V/STOL  AIRCRAFT 


I.  INTRODUCTION 

The  hazards  of  aircraft  icing  have  spt\  ;.:!  implications  for  rotary -win"  V/STOL  air- 
craft. The  following  statements  from  the  5th  Wea'her  \\  ing  forecaster's  Seminar  No. 

3ft  on  Weather  and  Helicopter  Operation  from  the  Department  of  the  Air  Force  indicate 
the  significance  of  icing  to  rotary-wing  aircraft  operation: 

Due  to  the  relatively  high  speed  of  the  rotor,  ice  accumulates  at 
a rapid  rate  on  the  leading  edges  of  the  blades,  the  point  of  maxi- 
mum lift,  thereby  destroying  total  lift  in  a very  short  length  of 
time. . . . But  the  first  and  most  dangerous  icing  will  occur  in  the  . . 
rotor  head.  . . . If  allowed  to  build  up  j there  | lor  even  a few  min- 
utes. it  will  prohibit  control  movement,  and  the  helicopter  will  be- 
come uncontrollable. . . . Frost  on  the  rotor  blades  will  probable 
prohibit  takeoff.  ...  If  a takeoff  should  he  possible  with  frost  on 
the  blades,  the  frost  may  exaggerate  the  loss  of  lilt  when  leaving 
the  ground  cushion  and  cause  an  unintentional  touchdown.  . . . 

Takeoff  from  a frozen  surface  also  poses  a unicpic  problem.  If  the 
tires  arc*  frozen  to  the  surface  and  are  not  freed  prior  to  attempt- 
ing takeoff,  they  may  break  loose  nosy  mmclrieally  and  cause  the 
helicopter  to  tilt.  . . . [and|  tipping  may  cause  them  [the  blades | 
to  strike  the  surface. ... 

It  is  generally  acknowledged  that  ic  ing  at  tlm  surface  and  in  the-  atmosphere  takes 
three  basic  forms  distinguishable  by  appearance  and  genesis.  Terminology  for  the*  three- 
forms  does  not  .-<-em  to  Is-  universally  standardized,  but  “glaze-.”  “rime.”  and  “hoarfrost” 
are  commonly  used  when  distinctive  categories  for  icing  arc  needed.  All  tierce-  describe-  a 
coating  of  ice-  on  a cold  surface  exposed  somehow  te»  the-  atmosphere  under  weather  con- 
ditions providing  moisture  anei  temperatures  slightly  altovc,  at.  or  lie-low  0°  G (32”  F). 

As  observed,  such  a coating  of  ice-  prohibits  the-  in-flight  operation  of  V/STOL  aiic-ruit 
and  temporality  immobilizes  field-stored  V/STOL  aircraft.  Information  concerning  the- 
geographic  distribution,  fre-epie-ncy  of  occurrence,  probability  of  oe-curre-ne-e.  anil  thick- 
ness eif  such  ice-  is  needed  to  determine  re-gions  of  hazardous  operation  for  de-sign  and 
qualification  reepiireincnt  considerations. 
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II.  THE  N ATURE  AND  OCCURRENCE  OF  ICING 


Clazc  is  tin*  ice  deposit  that  is  transparent,  smooth,  and  dense  (as  high  as  0.8  or 
0.9  gm/i  m3)1  in  eomparison  to  rime  and  hoarfrost.  Supercooled  moisture2  contacting 
an  exposed  surface  with  its  own  temperature  at  or  below  0°  C when  air  temperatures 
are  between  0°  C and  -8.9°  C (25°  F)3  will  freeze  after  the  drops  haw  spread  and  co- 
alesced to  form  a tenacious  coatin';  of  clear  ice.  A relatively  “slew  rate  of  freezing.  large 
drop  size,  rapid  rate  of  impingement,  and  slight  supercooling;  favor  glaze  formation.”4 
Hence.  glaze  is  usually  the  product  of  freezing  rain  or  drizzle. 

liimt'  appears  opaque  and  grainy  in  comparison  to  glaze  and  is  less  dense  (as  low  as 
0.2  to  (1.3  gm/cm3  )s  . Condition.-  conducive  to  its  formation  are  similar  to  those  for 
glaze,  except  that  the  temperatures  of  the  exposed  surface  and/or  the  air  an'  colder.  In 
this  ease,  the  drops  of  moisture  freeze  more  quickly  and  inhibit  spreading  and  coalescing. 
Air  pockets  separate  the  frozen  drops  and  create  the  grainy  effect.  Rime.  too.  is  usually 
formed  from  freezing  rain  or  drizzle. 

Hoarfrost  is  ol.vious'y  crystalline  in  appearance,  with  air  spaces  defined  by  delicate 
lacings  of  opaque  ice.  It  is  th'  least  dense  of  the  three  types.  It  forms  under  tempera- 
ture conditions  similar  to  those  for  glaze  anil  rime  formatkn  but  the  necessary  moisture 
is  supplied  by  humid  air  or  water  vapor.  Usually,  then,  hoarfrost  rrsults  from  the  subli- 
mation of  moisture  in  the  ambient  air.  On  some  occasions,  hoarfrost  can  also  form  on  a 
cold  surf  ace  that  is  introduced  into  warm,  moist  air — a circumstance  not  uncommon  to 
an  aircraft  in  flight. 

Understandably . there  are  a ntim’icr  of  weather  types  that  ran  produce  icing  in 
these  and  mixed  forms.  In  general,  warm  fronts  with  maritime  tropical  air  overrunning 
continental  polar  air  have  the  highest  pr<d>ahilit_v  of  producing  glaze,  but  cold  fronts  and 
polar  front  waves  are  also  considered  to  be  freipiettl  producers  of  icing  from  freezing 
rain  or  drizzle.  In  addition,  i-  ing  can  occur  along  stationary  fronts  or  in  weather  types 
which  have  no  frontal  activity. 


* Ralph  K.  Iluschkr.  r«t..  Clouarv  of  Meteorolotry.  American  Mr  Ifsowtopcal  Socirty,  Boston.  Mass.,  p.  254.  1959. 

“Water  that  remains  liquid  brkiw  Ihr  ‘freeainK"  point.  0U  C. 

3 

* Bennett,  ('.la ze.  tin  Wflfoft  at%H  ('UmaOttogy.  Cragraph$nd  Dutr  button.  ttd  Eetmotnic  Effects.  Tcrhniral 
Report  KP-105,  (Ju<irtrrvn«i»tt*r  Km  rrh  ,«nd  Kngineerm*'  Onlr,  Nalicfc,  Mwu, p.  21,  1959. 

W- 

‘Ralph  h.  Ilusrlikr.  rd..  Clouary  of  Meteor  ■lo/ty,  Anirrican  Mrtroralugy  Society,  Bantu*.  Maas.,  p.  483.  1959. 


For  purposes  of  this  discussion.  icing  i*  considered  a>  developing  umlrr  two  run 
dilions  which  pose  somewhat  different  problem*  for  V/STOI,  aircraft:  ( I ) icing  at 
pound  level.  and  (2)  i«*inp  in  the  atmosphere. 

1.  Icing  at  Ground  Uvrl.6 

a.  Icing  from  Glaze  Storms.  One  of  the  more  obvious  producer*  of  glaze 
and  other  forms  of  icing  at  ground  level  i*  the  glaze  storm.  Freezing  rain,  among  otliei 
precipitates,  is  distributed  by  the  storm  under  conditions  that  allow  glaze  and  rime  to 
form  on  pound  level  surfaces.  Such  storms  can  he  relatively  small  and  can  affect  an 
area  of  only  a few  square  miles;  or  they  can  he  very  large  and  cover  a wide  area  as  much 
as  600  miles  in  length.  Amounts  of  ice  produced  vary  with  different  storms,  and  even 
within  one  storm,  due  largely  to  local  microclimates  and  the  dynamic  nature  of  the 
storm  itself.  Pun*  glaze  deposits  usually  range  in  thickness  from  a trace  to  2.o  inches  or 
more,  though  unusual  thicknesses  of  as  much  as  ID  inches7  are  recorded.  ‘'Location* 
exposed  to  strong  winds  and  in  which  temperatures  arc  apt  to  he  low  during  storms  are 
most  likely  to  receive  heavy  dr-posits."*  Snow  and  other  precipitates  of  the  storm  mag- 
nify the  depth  and  damaging  effect's  of  tin-  glaze.  The  duration  of  the  ice  may  he  a mat- 
ter of  several  hours,  several  days,  or  more. 

There  is  no  universal  synoptic  meteorology  of  glaze,  storms.  That  is.  a 
glaze  storm  may  not  always  he  associated  with  only  one  meteorological  situation  even  - 
where.  However,  these  storms  are  usually  the  result  of  moist,  mild  maritime  air  over- 
running dry.  cold  continental  air  in  some  frontal  situation.  However,  freezing  rain  or 
drizzle  can  he  produced  in  a nonfrontal  situation  at  temperatures  considerably  below 
freezing  (-30°  G (-22°  F)).  In  this  case,  the  producing  ap-nt  is  usually  supercooled 
st'atus  clouds  (sec  section  2a). 

Glaze  storms  occur  most  often  across  the  middle  latitudes  east  of  the 
western  mountains  of  North  America,  the  higher  middle  latitudes  of  Kurope  and  Euro- 
pean USSR,  and  along  the  cast'eoast  of  Japan.  In  the  Southern  Hemisphere,  these 
storms  are  rare  Itccausc  there  are  no  continental  landmasses  in  the  middle  latitudes  and. 
therefore,  no  mixing  of  cold  continental  air  with  mild  maritime  air. 


*Thr  in  for  not  Nin  in  this  section  is  Isrgrly  summirirrri  from  lorn  Krnnrtl’s  f-frim.  fn  Mttmndony  and  ClimatahfY, . 
Geographical  Distribution,  and  Economic  Effect*,  (hr  mwt  extensive  collet  ti'Hi  of  surf arc  gla/r  and  M ing  informa- 
tion aviilablr  to  date, 

^G.  A.  McKay  and  H.  A.  Thompson,  ‘'Estimating  thr  Hazard  of  Irr  Arrmifm  in  ('.atiad«  from  Climatological  Data." 
Journal  of  Apfdied  Meteoroltrfry,  Vol.  8,  No.  5,  p.  927,  t*K#9. 

^Ivrn  Bennett,  Glaze,  lit  Meteorology  and  CJimaiolotry,  Geographical  Dittribution , and  Economic  Effect «.  Techni- 
cal Report  EP-105,  QuartermaMer  Research  and  Engineering  Center.  Natick,  Maw*.,  p.  21,  1959. 
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I hr  l nilcd  States9  experiences  more  glaze  Morins  III. 111  any  other  rouc.- 
try.  They  occur  m<»l  frequently  cast  of  the  Rocky  Mountains  “in  a hrnad  licit  extend- 
in”  from  north  rnilr.il  Texas  l«i  southern  New  P.ngland"'10  as  illustrated  in  Pig.  I.  The 
greater  pari  <>l  llii>  lu  ll  ran  expect  al  least  one  Morin  depositing  from  0.2.”  to  0..”»0  inch 
of  iee  every  If  years  as  Migge.Mcd  in  Pigs.  2 anil  If.  Pigurc  1 gives  an  indication- of  the 
range  ot  glaze  thi<  k::css.  its  frequency  . and  its  distribution.11 

(ila/.e  ,'toriiis  in  the  United  Stale*.  on  nr  in  the  winter  months  when  low 
temperatures  prevail.  Of  eourse.  ml. uni  areas  anil  areas  al  higher  laiitmles experience 
the  reipiireil  low  temperatures  for  a more  extended  length  of  time,  alii  wing  the  glaze 
storm  season  loe\|eml  from  November  to  March. 

In  (lanaila.  the  greatest  numher  of  glaze  storms  occur  in  the  southern 
portion  of  the  country  from  the  (ireal  Lakes  to  the  Maritime  IVm iinvs.  Ifeeaiise  of 
higlu-r  laiitmles.  the  glaze  si-ason  is  longer  in  (lai.a'la  than  in  the  United  States.  * !!a/.e 
storms  may  lie  expected  from  Septemher  to  June  in  the  Prairie  Provinces. 

fa i rope  eommoulv  experiences  glaze  storms  north  of  the  wail  of  moun- 
tains formed  hv  the  Py  renees  and  the  Alps  through  Yugoslavia  and  the  Ifalkan  Moun- 
tains in  Bulgaria.  \ustria.  Switzerland,  and  Scandinavia  report  al  least  one  jjla/.e  storm 
per  year  occurring  most  frequently  in  January  , lee  deposits  greater  than  0..">  inch  thick 
an1  unusual. 

In  western  USSR.  glaze  storms  are  experienced  north  of  a line  connect- 
in': the  northern  shores  of  the  Black.  Caspian,  and  Aral  Seas  and  south  of  the  60th  paral 
lei  west  of  the  Urals  as  illustrated  in  Kip.  ■>.  The  most  frequent  (1.(1  to  5.0  storms/year) 
and  most  severe  storms  in  terms  of  thickness  (sec  Pie.  6)  occur  in  the  Ukraine  and  Don 
regions  north  of  the  Black  Sea.  The  glaze  storm  season  is  typically  Novemlrer  to  March. 

The  eastern  coast  of  Japan  has  meteorological  similarities  to  the  eastern 
coast  of  the  United  States,  so  it  may  he  assumed  that  glaze  storms  occur  in  this  part  of 
the  Par  i-.ast. 


9>  . 

The  United  States  a*  used  in  this  report,  refers  only  to  tlie  lit  contiguous  states. 

^ I veil  Bennett,  Claze,  Its  Mrtporolitfiy  awl  ('timatolofe y,  Cfttfiraphical  Distributum,  tmd  Komnmir  h.ffpvtx. 
Technical  Report  KP-105,  ijnurtmnaslrr  Keseareh  and  I'.nginccring  Center,  Natirk,  Mass.,  p 79. 

^ These  maps  seem  to  reveal  areas  of  high  glaze  dorm  occurrence  and  iee  thickness  in  the  California  mountains 
outside  of  the  glaze  belt.  Bennett  observes  that  tJiese  eoneent  rations  of  ice  arc  not  the  results  of  true  glaze  storms 
but  rather  the  eonsolidatinn  of  other  rime  and  wet  snow  deposits  after  thawing  and  rrfreezing. 
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Fig.  4.  Extreme  radial  thickness  of  glaze  on  utility  u ires-  I SA.  ((Ireatcst  thickness  of  iee  observed  in  each  grid  Mjuare  during 
the  9-year  |H*riod  of  the  Association  of  American  Kailroads  stud)  .)  Source:  I.  Bennett,  oft.  vit. 


b.  Icing  from  Fog  and  Sublimation.  Water  droplets  suspended  in  a heavy 
fog  with  a temperature  near  but  above  0°  G may  form  glaze  upon  contacting  a suffi- 
ciently cold,  exposed  surface.  If  the  tog  is  supercooled,  there  is  a greater  chance  that 
ice  as  rime  will  form;  and  the  colder  the  surface,  the  greater  is  the  chance  that  rime 
will  form  instead  of  glaze.  In  mountain  regions,  ice  developing  from  fog  will  generally 
be  rime  rather  than  glaze. 

Figures  7 through  10  illustrate  the  worldwide  distribution  of  the  fre- 
quency of  occurrence  of  supercooled  fog.  The  isolines  (lines  of  eqtiai  frequency  of 
occurrence)  are  aligned  latifudinally  and  shift  seasonally. 

In  the  Northern  Hemisphere,  supercooled  fog  is  most  often  present  in 
winter  affecting  most  of  North  America,  Europe,  Asia,  and,  especially,  the  U^SR 
(Fig.  7).  By  summer,  the  supercooled  fog  has  retreated  poleward  affecting  only  the 
Arctic  Ocean  and  its  land  margins. 

In  the  Southern  Hemisphere,  land  areas  north  of  the  Antarctic  are  rela- 
tively unaffected  by  supercooled  fog  except  possibly  in  the  winter  months  represented 
by  July  in  Fig.  9.  Latitudinal  shift  of  the  fog  is  minimal  compared  to  that  of  the  North- 
ern Hemisphere. 

The  variations  in  the  configuration  of  isolines  reflect  numerous  physical 
influences  such  as  the  landmass-maritime  relationships,  surface  morphology,  and  eleva- 
tion. The  significance  of  such  influences,  especially  that  of  elevation,  is  apparent  aiong 
the  western  coast  of  South  America  where  isolines  encompass  the  Andes  Mountains. 

Very  humid  air  with  a dewpoint  from  slightly  above  to  below  0°  C can 
also  produce  glaze,  rime,  or  hoarfrost  if  it  should  come  in  contact  with  an  exposed  sur- 
face at  a temperature  below  0°  C inducing  sublimation.  Rime,  or  sometimes  glaze,  will 
usually  develop  under  these  conditions  when  the  dewpoint  is  slightly  above  0°  C;  while 
hoarfrost  will  develop  when  the  dewpoint  is  below  0°  C.  Greater  amounts  of  ice  will 
develop  when  surface  temperatures  are  low  and  specific  humidity  of  the  air  is  high. 

“Ice  resulting  from  such  a situation  is  encountered  most  commonly  along  s^? coasts  and 
the  margins  of  such  large  inland  bodies  of  water  as  the  Great  Lakes,  but  it  also  is  some- 
times observed  on  roads  near  small  lakes  and  ponds.”12 

Moist  air  or  heavy  fog  in  mountain  regions  under  properly  cold  condi- 
tions will  often  meet  the  above  requirements  for  ice  formation  but  especially  those  for 
rime  formation.  Therefore,  rime  can  be  expected  to  occur  relatively  frequently  in  the 

12 

I wn  Bennett,  Cloze,  /to  Meteorology  and  Climatology,  Geographical  Distribution,  and  Economic  Effects,  Techni- 
cal Report  EP-I0S,  Quartermaster  Research  and  Engineering  Center,  Natick,  Mass.,  p.  134. 
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Fig.  9.  Percentage  frequency  of  occurrence  of  supercooled  fog-July— worldwide.  Source:  N.  B.  (iuttmun,  op.  cil. 


mountains  of  western  Europe.  the  (Caucasus  in  the  USSR,  tlie  western  cou.-tal  moun- 
tains ot  North  America  (th<  ’ '.ascadcs.  Sierra  Ne\ atlas,  the  Coastal  Ranges).  the  iiorth- 
eastern  eoa-tal  mountains  of  North  America  (northern  Appalachians).  the  At  la-  Moun- 
tains ot  North  Africa,  (lie  mountains  in  southern  Chile,  ami  the  mountains  in  south- 
western New  Zealand. ,J  Additionally,  the  mountains  of  Eastern  Siberia,  south  central 
USSR,  ami  the  northern  Urals  experience  rime  frequently-.14 

Frequency,  thickness,  ami  duration  of  these  rime  deposits  \arv  in  ac- 
cordance with  the  many  unique  physical  factors  associated  with  each  specific  place  and 
the  physical  nature  of  the  affected  surface.  Generalizations  are  difficult.  Frequent  ies 
■can  ranee  from  a few  daily  occurrences  j*er  year  to  more  than  40:  thickness  can  varv 
Irom  a trace  to  more  than  a foot  in  diameter:  and  duration  of  the  ice  can  ratine  from 
a few  hours  to  several  days. 

Since  areas  with  temperatures  slightly  above,  at.  «»r  Itelow  0°  C located 
near  moisture  sources  are  areas  of  potential  icing  occurrence.  Figs.  1 1 through  14  art- 
included  to  indicate  those  areas  of  the  world  seasonally  affected  by  0"  G temperatures 
at  the  surface  level  and  to  indicate  the  greater  area*  extent  of  freezing  temperatures 
with  inereusing  elevation  or  altitude. 


e.  Icing  from  Thawing  and  Refreezing.  Another  natural  contributor  to 
the  formation  of  icing,  glaze  in  particular,  is  the  action  of  thawing  anti  subsequent  re- 
freezing of  deposited  rime,  fallen  snow,  or  similar  pnjcipitates.  Such  activity  depends 
on  sti  many  factors  that  predictions  as  to  its  time  and  place  of  .H-currenee  are  virtually 
impossible  to  make. 

2.  Icing  in  the  Atmosphere. 

a.  Icing  in  Clouds.  Icing  is  probably  more  often  encountered  in  the  at- 
mosphere than  at  the  surface  simply  In-cause  freezing  temperatures. as  a function  of 


altitude,  and  cold  moisture  derived  from  clouds,  arc 


more  often  availahk-.  (daze  ami 


rime  icing  are  encountered  at  all  latitudes  when  slrat  form  clouds,  which  extend  abort 


the  freezing  level  (see  Figs.  1 1 through  14).  and  whir 


exist.  Glaze  or  Hxed  forms  of  ice  usually  develop  fijorn  eumuiiform  clouds,  and  rime 


or  mixed  forms  devcloo  from  stratiform  clouds.  Win 


h contain  supercooled  moisture. 


ii  these  clouds  are  associated  with 


■ * *lvcn  Brunei  I, laze,  lt$  Meteorology  and  Climatology,  (Geographical  Distribution . atml  Economic  Effect «,  Techni- 
cal Report  EP-105,  Quartermaster  Rrwwch  and  Engineering  Ernlrr,  Nallct,  Vtm.  p.  112. 

* 4 Library  of  Congress,  Washington,  D.  C.  Aerospace  Trrhnology  Division.  Oozed  Ernst  and  Ice  Formation  on  Cables 
icitlun  the  Territory  of  the  VSSK  (unedited  trans.  of  Gololrd  i ablrdrnrnivr  prownkw  tut  Irtritorii  SSSH,  bv  A.  V. 
Kudnrva.  I%1>  Report  No.  ATD-l(-64-t7,  1964.  p.  242-260. 
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Fig.  12.  Average  height  of  the  freezing  level  (meters)— Mar— Apr— May --worldwide. 


frontal  systems.  the  probabilities  of  icing  arc  increased.  I'lifjh t through  liquid  prcripi- 
tation  falling  from  these  clouds  when  air  teni|K’raturcs  arc  below  freezing  ran  also 
product’  icing. 

Figures  15  through  18  show  the  seasonal  distribution  of  the  percentage 
frequency  of  occurrence  of  siqtercooled  stratus  anti  low  cumulus  clouds  lor  most  of 
the  world.  The  Southern  Hemisphere  exhibits  a latitudinal  orientation  of  isolines  (bat 
shifts  little  throughout  the  year.  Supercooled  stratus  and  low  cumulus  clouds  appear 
less  than  5 percent  of  the  time  over  the  laud  areas  except  for  the  southern  tip  of  South 
America  m winter  (June.  July,  August)  and  spring  (Scplcrnltcr.  October.  November) 
when  they  appear  lietween  5 peri-cnt  and  25  percent  of  the  time  (Figs.  IT  and  18). 

The  higlicst  percentage  of  frequency  of  occurrence  (more  than  25  percent)  exists  over, 
the  waters  surrounding  the  Antarctic  throughout  the  year. 

In  contrast,  the  isolincs  for  tin’  Northern  Hemisphere  create  cellular 
patterns  reflecting  the  different  landmass-maritime  relationship.  Winter  (December. 
January.  February)  is  generally  the  season  of  highest  frequencies  and  greatest  conti- 
nental extent  of  the  phenomena  (Fig.  15).  Occurrences  of  more  than  25  |>crccnt  fre- 
quency an'  associated  with  the  Canadian  Maritimes.  Iceland,  the  Haltic  Sea  area  of 
Furope  and  the  USSR,  the  northeast  Asian  coast,  and  the  western  coast  of  Alaska. 

The  greatest  frequencies  of  occurrence  (more  than  50  percent ) for  either  hemisphere 
occur  in  cells  over  the  North  Pacific  in  winter  (Deccmlicr.  January.  February)  and 
spring  (March,  April.  May)  as  illustrated  in  Figs.  15  and  If).  Howevt  . the  Arctic  re- 
gions experience  greater  frequencies  in  summer  (June.  July.  August.  Fig.  1 7).  and  the 
northern  continental  areas,  especially  northern  North  America  and  northern  Siberia, 
experience  greatest  frequencies  of  occurrence  of  those  clouds  in  autumn  (Septcmlier, 
October,  November,  Fig.  18). 

b.  Icing  from  Combined  Factors.  As  a general  rule,  icing  (glaze,  rime,  or 
hoarfrost)  can  be  expected  to  occur  within  the  first  50.000  feet  of  the  troposphere 
when  temperatures  fall  between  freezing  and  40°  C (-40°  F)  and  when  the  dew  point 
spread15  is  usually  less  than  6 (!”  (10.8  F”),16  as  illustrated  in  Fig.  10.  USAFKTAC 
devised  a method  for  determining  the  probability  of  encountering  icing  at  four  pressure 
surfaces  for  specilic  stations  in  the  Northern  Hemisphere  from  which  isoline  analyses 
were  made.  Selected  maps  representing  the  midseason  mouths  (Figs.  20  through  85) 
were  based  on  several  assumptions  of  which  the  following  are  particularly  significant: 


'■’“Dewpoint  spread"  is  defined  n the  difference  between  the  dewpoint  and  air  temperature. 

,6US  Air  Force,  (Feather  Fnrrrmtm'  Guide  on  Aircraft  fenr,  Air  Weather  Service  Manual  105-39,  1*969.  p.  4-1 , 
and  p.  Al-4. 
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(1)  Icing  will  usually  occur  between  -3°  C (26.6°  F)  and  -30"  ('. 

(-22°  F)  due  to  “the  heat  of  friction  across  the  airframe,’*17  and  the  fact  that  - 
“supercooled  water  rarely  exists  at  temperatures  colder  than  -30°  (I.”u  in  nature. 

(2)  Icing  rarely  occurs  at  altitudes  higher  than  20,000  feet  above  Mean 
Sea  Level  except  when  cumuliform  clouds  occasionally  build  up  to  greater  heights. 

To  further  define  the  icing  limits,  studies  revealed  that  the  majority  of  icing  cases  occur 
between  -3°  C (26.6°  F)  and  -12°  C (10.4°  F)  inclusive  with  a dewpoint  spread  near 
2 C°  (3.6  F°)  or  less  (see  Fig.  19).'* 

Accordingly,  it  would  be  expected  that  the  probability  of  encountering 
icing  conditions  is  greatest  in  winter  and  least  in  summer,  both  in  terms  of  value  and 
areal  extent.  For  the  lower  pressure  surfaces,  1000  millibars  (mb).  850  mb.  and  700  mb 
(see  Table  for  linear  equivalents),  this  conclusion  is  substantiated  by  Figs.  20  through  22 
and  28  through  30.  However,  by  the  time  the  500-mb  surface  is  reached,  the  pattern  is 
reversed.  At  that  level,  icing  is  limited  to  low  percent  probabilities  in  a narrow  midlati- 
tude band  in  the  winter  (Fig.  23)  which  develops  by  summer  into  a complex  pattern 
encompassing  sections  of  equatorial  latitudes  and  combining  the  highest  percent  proba- 
bilities with  their  greatest  areal  extent  for  the  year  (Fig.  31). 

Increasing  icing  probabilities  and  extension  of  their  incidence  southward 
would  seem  to  be  directly  related  to  increasing  altitude.  This  assumption  is  verified 
through  the  850-mb  level,  but  this  level  yields  the  highest  percent  probability  for  the 
year  at  any  level  (25  percent  over  Japan  in  winter,  Fig.  21).  At  the  700-mb  level,  the 
iscline  gradients  become  more  gentle  and  the  probability  of  icing  rarely  exceeds  10  per- 
cent. The  southerly  extension  of  icing  continues,  however.  These  tendencies  continue 
at  the  500-mb  level.  At  the  higher  levels,  then,  the  temperatures  drop  below  the  opti- 
mum range  for  icing  conditions,  and  available  moisture  becomes  less  because  of  the  dis- 
tance from  surface  sources  and  because  of  low  temperatures. 

For  similar  reasons,  the  area  over  the  Arctic  Ocean  liehaves  differently 
from  the  other  areas  of  the  hemisphere.  The  winter  season  at  any  pressure  level  is  usual- 
ly too  cold  to  produce  as  much  icing  as  the  summer  season;  though  icing  is  still  a hazard 
all  year. 


^Oihnnl  D.  Heath  and  Luther  M.  Cantrell,  Aircraft  Icing  Climatology  for  the  Northern  Hemitphrre,  Air  Weather 
Service,  USAK  Technical  Report  220,  1972,  p.  2. 
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19/6idL,  p.  14. 
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Fig.  22.  Probability  of  encountering  icing  conditioiw-700  mb  January -Northern  Hemisphere. 
Source:  E.  D.  Heath  * t al.,  op.  ciL 


Fig.  26.  Probability  of  encountering  icing  condition!*— 700  mb  April— Northern  Hemisphere. 
Source:  E.  D.  Heath  et  a..,  op.  cit. 


Fig.  .12.  Probability  of  encountering  ieing  conditions— 1000  mb  October— Northern  Hemisphere. 
Source:  E.  I).  Heath  ct  al„  oft.  rit. 
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Hg. ProliahiliH  of  encountering  icing  romlitions-BoO  mb  October— Northern  llenti.-phere. 
Source:  F„  I).  Heath  et  al..  op.  oil. 
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Fig.  34.  frobability  of  encountering  icing  condition*— TOO  mb  October-Northern  Hemisphere. 
Source:  F..  D.  Heath  et  ai.,  op.  eil. 


Kij>.  35.  PmtutuliU  «f  rnrountrrinf'  ii’inp  oonditiows-500  mb  Orlubrt  - Northern  llcmi(«|>h*-n\ 
Sourer:  K.  I).  Ileuth  et  ill.,  up.  rit. 
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Souni*:  I..  I).  IK’atli  and  M.  Cantrell.  o/i.  til..  |t.  14. 
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liulf-  .mil  liiL-lirr  rlrv.iliuii-. 


«\  I<  ing  s ni.»  to  l»c  more  common  iu  tli<*  Northern  Hemisphere.  where  il 
occurs  mostly  from  tin'  midlatiludo  north  to  the  Pole. 

f.  The  probability  of  encountering  icing  conditions  in  some  parts  of  the 
atmosphere  may  he  higher  liecanse  temp,  .ature  generally  decreases  with  elevation  and 
the  clouds  in  the  atmosphere  provide  a more  concentrated  supply  of  moisture. 

g.  Icing  can  lx*  severe  or  light  in  terms  of  frequency  of  occurrence,  thick- 
ness. or  duration  depending  on  local  factors.  In  any  case,  icing  may  lie  di-alding  to 
V/STOL  aircraft. 
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